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ABSTRACT
MULT I SENSORY DISCRIMINATION AND REPRESENTATIONAL MEMORY DEFICITS 
IN THE POST-THIAMINE DEFICIENT RAT:
TESTING AN ANIMAL MODEL OF HUMAN WERNICKE-KORSAKOFF1S DISEASE
by
Russell L. Knoth 
U n iv e rs ity .o f  New Hampshire, December, 1988
The most common cause of diencephaic amnesia in human is 
W ernicke-Korsakoff’ s disease, the psychlogical component of a 
n u tr i t io n a l  polyneuropathy associated with chronic alcoholism. I t  has 
long been understood tha t Wernicke-Korsakoff1s disease is caused by 
thiamine defic iency . The symptoms of the acute Werncike's phase of 
th is  disease include of d is o r ie n ta t io n ,  a ta x ia ,  and ocular nystagmus, 
and. i f  l e f t  untreated, death. I f  trea ted  with thiamine, the acute 
symptoms quickly subside. However, fo llow ing recovery from the acute 
Wernicke's symptoms, many patients evidence the symptoms of the 
chronic Korsakoff’ s syndrome, which includes both global anterograde 
and retrograde memory d e f ic i t s  and personality  changes. The memory 
d e f ic ts  observed in humans Korsakoff's  patients are coincident with  
the observation of lesions to the medial thalamic structures of the 
brai n.
The fac t  that Wernicke-Korsakoff1s is caused by thiamine  
defic iency has led to the development of animal models of diencephalic  
amnesia. The purpose of the experiments reported here was to examine
v i
the extent to which the behavioral d e f ic i t s  observed in the 
post-thiamine defic ieny (PTD) ra t  p a ra l le le d  the learning and memory 
d e f ic i ts  observed in human Korsakoff's pa t ien ts .  Following treatment 
with the thiamine antagonist pyrith iam ine and a thiamine free  d ie t ,
PTD animals were tested on a series of behavioral tasks using s p a t ia l ,  
auditory, and o lfac to ry  s t im u l i .  PTD ra ts  were f i r s t  compared with  
controls fo r  evidence of multisensory d iscr im ination  and reversal 
learning d e f ic i t s  as a te s t  of global amnesia. Second, using the 
spatia l representational memory task, mateh-to-sample, PTD animals 
were tested fo r  evidence o f anterograde memory d e f i c i t s .  F in a l ly ,  
using a pretra ined  spa tia l  nonmatch-to-sample task, PTD ra ts  were 
tested for evidence of retrograde memory d e f ic i t s .  The brains of the 
PTD animals were then removed and examined for evidence of the 
Korsakoff's neuropathy.
The re s u lts  of these experiments support the PTD ra t  as an animat 
model of diencephalic amnesia. PTD animals had showed behavioral 
d e f ic i t s  th a t  extended across sensory m odalities and could be 
characterized as anterograde and retrograde in nature . H is to log ica l  
analysis of the brains of PTD animals showed consistent lesions of the 
medial aspect of the thalamus, thus supporting the hypothesis that  
th is  is the c r i t i c a l  les ion responsible fo r  the memory d e f ic i t s  
observed in Korsakoff's syndrome.
In troduction
Two types of global amnesia are  recognized in humans, amnesia 
caused from damage to  the temporal lobes of the b ra in ,  and amnesia due 
to  damage to the diencephalon, p a r t ic u la r ly  the thalamus (Squire,
1982; Winocur, 1982). Diencephalic amnesia is most commonly seen in 
Korsakoff's  syndrome, the chronic phase of W ernicke-Korsakoff1s 
disease. Though uncommon, Korsakoff's  disease is understood to be the 
psychological component of a n u t r i t io n a l  polyneuropathy associated  
w ith  chronic alcoholism .
Since the 1930's, i t  has been understood th a t  
W ernicke-Korsakoff' s disease is caused by thiamine d e f ic ie n c y .
Several l ines of evidence support th is  c la im . F i r s t ,  Wernicke 
symptoms are commonly seen in associa tion  w ith  medical conditions  
involving n u t r i t io n a l  de f ic ieny  such as in tra c ta b le  vomiting and 
obstruction  of the d ig e s t iv e  t r a c t .  Second, animal studies of 
thiamine deficency produce symptoms ( les ions , fo r  example) common to  
those seen in Wernicke's disease. F in a l ly ,  the acute symptoms of the 
Wernicke's disease (d is o r ie n ta t io n ,  a ta x ia ,  ocu lar nystagmus, e tc . )  
are qu ick ly  a l le v ia te d  by thiamine. K orsakoff's  disease is the 
chronic syndrome seen in some p a t ie n ts  fo llow ing  recovery from acute 
W ernicke's. I t s  symptoms include both amnesia and pe rso n a lity  
changes. Thiamine, however, has no e f fe c t  on the symptoms of  
K orsakoff's  disease.
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Post-mortem examinations of the brains of K orsakoff's  pa tien ts  
have provided a p ic tu re  of the primary bra in  areas involved in 
W ernicke-Korsakoff1s encephalopathy. Neuropathological ana lys is  has 
revealed primary bra in  lesions of b ra in  stem, the mammillary bodies, 
and several o f the thalamic nuclei (Malamud £ S k i l l i c o r n ,  1956;
V ic to r ,  Adams, £ C o ll in s ,  1971)• The high degree of c o rre la t io n  
between the memory d e f ic i t s  and lesions to  the medial thalamus, and 
the lack of amnesia in p a t ien ts  w ith  only mammillary body lesions, has 
led to the hypothesis th a t  the medial thalamus is responsible fo r  the  
memory d e f i c i t s  observed in Korsakoff's  pa tien ts  (V ic to r e t  a ! . ,
1971) .
Apart from the histopathology observed in K orsakoff's  syndrome,
work has been done to id e n t i fy  the neurochemical systems associated
w ith  diencephalic amnesia (McEntee £ H a ir ,  1978, 1980). McEntee,
*
H a ir ,  £ Langlais (1984) examined b ra in  monoamines in the cerebral 
spinal f lu id  of 25 Korsakoff pa t ien ts  w ith  confirmed amnesia. These 
authors found decreased concentrations of the m etabolites  of 
norepinephrine (NE) and dopamine (DA), neurotransm itters implicated in 
the processes o f learning and memory (McGaugh, 1973; Squire £ Davis, 
1981) .  Concentrations of 3-methoxy-A-hydroxyphenylglycol (MHPG), the 
primary m etabo lite  of NE, was co n s is ten tly  reduced among Korsakoff 
patien ts  and th is  reduction was co rre la te d  w ith  the observed memory 
impairment. The mechanism of amnesia in Korsakoff's  syndrome is 
unknown. However, i t  has been suggested th a t  i t  may be due to  the 
d is ru p tio n  of normal c o r t ic a l  neurotransm itter modulation.
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Of the 2U5 patients w ith  the c lass ic  signs o f Wernicke's 
encephalopathy examined by V ic to r ,  Adams, and C o ll in s  (1971), 186 
(76%) survived the acute stage to be examined fo r  evidence of 
Korsakoff's  psychosis. Of these, 157 (81*%) showed some degree of 
amnesia. The primary symptom observed in pa tien ts  w ith  Korsakoff's  
syndrome is g lobal anterograde amnesia (Butters & Cermack, 198O; 
T a lla n d , 1989; V ic to r ,  e t  a l . ) .  Global anmesia re fe rs  to a memory 
d e f i c i t  that extends across m u lt ip le  sensory m o d a lit ies .  Anterograde 
amnesia re fe rs  to memory loss fo llow ing a bra in  trauma and may resu lt  
from the in a b i l i t y  to form new memories.
I t  has been proposed th a t  diencephalic amnesias, l ik e  those seen 
in Korsakoff's  disease, re s u l t  from a d e f i c i t  a t  the ear ly  stage of 
information processing (Huppert and Percy, 1979; Squire, 198I ) . 
Korsakoff's  p a t ien ts  and contro ls  have comparable rates of fo rg e tt in g  
on recognition memory tasks when the stimulus m ateria l is presented 
for long in te rv a ls .  However, when the stimulus m ateria l is presented 
fo r  short periods, recognition memory is severely impaired (Huppert & 
Percy, 1979; Winocur, 198M . These find ing  suggest that the learning  
d e f i c i t  occurs a t  the e a r ly  stages of information processing. The 
anterograde amnesia associated with Korsakoff's  syndrome, then, may be 
due to  an encoding f a i lu r e .  This is consistent w ith  the proposal that  
the memory d e f i c i t s  observed in Korsakoff's p a t ien ts  is not p r im a r i ly  
a r e t r ie v a l  f a i l u r e  but in f a c t  is a t te n t io n a l in nature (McEntee & 
M air, I 98A).
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Another d is t in c t  and consistent feature  of Korsakoff's  syndrome 
is retrograde amnesia. Retrograde amnesia re fe rs  to the in a b i l i t y  to 
reca ll  memories fo r  events that occurred p r io r  to  the onset of the 
i l ln e s s .  V ic to r ,  Adams, and C o ll in s  (1971) report th a t  Korsakoff's  
patients  ty p ic a l ly  show loss of memory fo r  a period of many months or 
years p r io r  to onset of the acute Wernicke's disease.
Other commonly reported symptoms are confabulation (Talland,
19&5)» personality  changes, (Butters & Cermack, 1980) ,  d is o r ie n ta t io n ,  
and apathy. V ic to r ,  Adams, and C o ll in s  (1971), however, regard 
confabulation as an inconsistent symptom that appears e a r ly  in the 
course of the disease. S im ila r ly ,  these authors suggest that the 
d is o r ie n ta t io n  associated with Korsakoff's  disease is p r im a r i ly  an 
aspect of the acute phase and diminishes follow ing thiamine treatment. 
I t  has also been suggested by V ic tor  e t  a l .  that the apathy and lack 
of spontaniety observed in these p a t ien ts  may fo llow  from the 
prominent memory d isorder.
Research on Korsakoff's disease has concentrated on both the 
sensory d iscr im ination  d e f ic i ts  and memory impairment. For example, 
attempts have been made to determine the degree to which Korsakoff 
patients  can perform simple m ulti-sensory d iscrim inations .
Oscar-Berman and Zola-Morgan (1980a, 1980b) tested Korsakoff's  
patients  on several v isual d iscr im ination  tasks. These authors found 
tha t Korsakoff patien ts  were not impaired on simple v isual and spa tia l  
d iscrim ination  learning and simple two-choice v isual d iscr im ina tion .  
S im ila r ly ,  Jones, Moskowitz, Butters and Glosser (1975) found no 
d e f i c i t  on v isual sca ling . H a ir ,  Doty, K e lly ,  Wilson, Langlais, 
McEntee, and Vollmecke ( 1986) ,  however, did f ind  impaired performance
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on color ordering using the Farnsworth-Munsel 1 100 Hue Test. For 
auditory d iscr im ina tion , Jones, B u tters , Moskowitz, and Montgomery 
(1978) found normal capacity in Korsakoff patien ts  fo r  auditory  
sca lin g . Mair e t  a l .  (1986) found a small but consistent impairment 
on a l l  aspects (p itc h , loudness, rhythm, time, tim bre, and tonal 
memory) of the Seashore Measure of Musical Ta len ts . The most 
consistent sensory d e f i c i t  observed in Korsakoff’ s p a t ie n ts ,  however, 
was found for o l fa c t io n .  Tests o f o l fa c to ry  function (Jones, 
Moskowitz, & B utters , 1975; Jones, e t  a l . ,  1975, 1978; Mair et a l . ,  
1986) have found th a t  although Korsakoff patients  were not impaired on 
s e n s i t iv i t y  to o lfa c to ry  stim uli ( i . e . ,  no d iffe ren c e  between 
experimental and control subjects on a signal detection  task ) ,  they 
were severely impaired on tasks of odor d iscr im ina tion , odor 
id e n t i f ic a t io n ,  and odor sca ling .
A v a r ie ty  of psychological tes ts  have been used to assess the  
amnesia in Korsakoff's  syndrome. Butters and Cermack (1980), for  
example, used measures of verbal memory to assess both short-term  
(STM) and long-term (LTM) memory d e f ic i t s  in Korsakoff's  pa t ien ts ,  
including paired associates tasks, s e r ia l  learn ing, and d is tra c to r  
tasks . These authors found severe d e f ic i t s  in long term reca ll  of 
newly learned m ateria l and high s u s c e p t ib i l i ty  to in terference e f fe c ts  
in STM tasks. However, they found in ta c t  "automatic" re t r ie v a l  fo r  
over learned remote memories (e .g . ,  vocabulary, reading s k i l l s ,  and 
s o c ia l iz in g  s k i l ls )  and no impairment of in te l le c tu a l  functioning as 
measured by a standardized IQ te s t .  S im ila r ly ,  McEntee, Mair, and 
Langlais (1984) found average in te l le c tu a l  c a p a b i l i t ie s  on the verbal 
subscale of the Wechsler Adult In te l l ig e n c e  Scale in a group of 25
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Korsakoff's  pa t ien ts , but severe performance d e f ic i t s  on the Wechsler 
Memory Scale.
Other authors have concentrated on the non-verbal d e f ic i t s  of 
Korsakoff's  pa t ien ts . For example, Oscar-Berman and associates  
(Oscar-Berman 6 Zola-Morgan, 1980a, 1980b; Oscar-Berman, Zola-Morgan, 
Oberg, & Bonner, 1982), tested Korsakoff's  patien ts  on a v a r ie ty  of 
tasks taken from the comparative neuropsychological l i t e r a t u r e .
Results from these studies demonstrated that Korsakoff patients are  
able to perform simple v isual and s p a tia l  d iscr im ination  tasks and to  
form learning sets. However, the same patients  were impaired on more 
complex tasks such as object and s p a tia l  (place) reversal learn ing,  
delayed responding, and delayed a l te rn a t io n .  These tasks, ob ject and 
spa tia l d iscr im ination  and ser ia l reversal learn ing, two-choice v isua l  
discr im ination  learning, delayed response and delayed a l te rn a t io n ,  
involve memory-dependent performance ru les and are commonly used to  
assess cog n it ive  functioning in animals (Aggleton £ Mishkin, 1983; 
Gaffen, 1985; Mishkin & Appenzeller, 1987; Mishkin £ Delacour, 1975)*
To summarize the l i t e r a t u r e  of W ernicke-Korsakoff's disease in 
humans c ite d  above, the disease is p r im a r i ly  associated with chronic  
alcoholism but is caused by thiamine d e f ic ie n cy . I f  trea ted  with  
thiamine, the symptoms of the acute Wernicke's phase of the disease  
are reversed. However, fo llow ing recovery many pa tien ts  evidence the  
amnesia and personality  changes associated w ith  the chronic  
Korsakoff's syndrome. Post-mortem examination of the brains of 
Korsakoff's  patients  demonstrate b ra in  lesions of the diencephalon. 
These lesions, p a r t ic u la r ly  those of the dorsomedial thalamus, may 
a f fe c t  the modulation of c o r t ic a l  neurotransmitters involved in
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learning and memory. Functiona lly ,  Korsakoff's  patients  have been 
shown to have severe anterograde and retrograde amnesia using verbal 
learning tasks. In add it ion , these patients show m ulti-sensory  
d iscr im ination  d e f ic i t s  of o l fa c t io n  and a u d it io n , and performance 
d e f ic i t s  on simple reversal learn ing , delayed responding, and delayed 
a lte rn a t io n  tasks. Other in te l le c tu a l  functions, however, remain 
in ta c t ,  as does r e t r ie v a l  for remote memories.
Following the discovery th a t  thiamine defic iency was the cause of 
Wernicke-Korsakoff1s disease in the 1930's, many investigators  
examined the e f fe c t  of thiamine defic iency in animals. Early  studies  
were p r im a r i ly  interested in bra in  and peripheral nervous system 
pathology. More recently  there has been a growing in te re s t  in the 
behavioral d e f ic i t s  observed in post-thiamine d e f ic ie n t  (PTD) animals.
Anatomically, the pathological changes th a t  occur in animals 
fo llow ing thiamine defic iency are s im ila r  to those observed in human 
Wernicke-Korsakoff's disease. I r l e  and ftarkowit2 (1982), fo r  example, 
examined the e f fe c t  of a th iam ine-free  d ie t  and in jec tions  of the 
thiamine antagonist pyrith iam ine in a group of 8 cats.
H istopathological analysis  of the diencephalic structures of the b ra in  
of these animals showed symmetrical lesions o f the mammillary bodies, 
the hypothalamus, and the a n te r io r ,  mediodorsal, and para fas icu la r  
nucleus of the thalamus. W itt  and Goldman-Rakic (1983) examined the 
e f fe c ts  of a prolonged th iam ine-free  d ie t  on a group of rhesus 
monkeys. These authors, however, found only inconsistent lesions of  
the medial thalamus and no lesions of the mammillary bodies. The lack 
of consistent lesions in th is  experiment may be due to use of the 
thiamine f re e  d ie t  alone. Combining a th iam ine-free  d ie t  w ith  a
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thiamine antagonist leads to more consistent tesioning of the  
thalamus.
Complete h istopathological examination of the brains of PTD rats  
have been performed by Ha ir and associates (H a ir ,  Anderson, Langiais,
£ HcEntee, 1985 * 1988; Knoth, O tto, Goodness, H a ir ,  & Langia is , 1988) .  
Using a thiamine d e f ic ie n t  d ie t  and pyrith iam ine, these authors have 
produced consistent b i la te r a l  lesions of the l a t e r a l ,  m edial, and 
posterior thalamus. The lesions of the medial thalamus were centered 
on the in te r io r  medullary lamina and included the paracentra l,  central 
medial, central l a te r a l ,  and ventra l portions of the mediodorsal 
thalamic n u c le i .  Once again, the mammillary bodies were completely 
spared.
Hair and associates (H air , Anderson, Langia is , & HcEntee, 1985, 
1987; Langiais, H a ir , Anderson, & HcEntee, 1987a) have also completed 
neurochemical analyses of the c o r t ic a l  and subcortical brain  
structures of PTD ra ts .  These studies have found a reduction of 
c o r t ic a l  NE and DA and an increase in thalamic serotonin (5~HT). The 
authors suggest that although the mechanism of c o r t ic a l  NE reduction  
is unclear, i t  may be the re s u lt  of the lesions o f  the medial 
thalamus.
Like humans, post-thiamine d e f ic ie n t  animals have been tested on 
a v a r ie ty  of behavioral tasks, including both simple d iscrim ination  
and complex memory tasks. W itt  and Goldman-Rakic (1983) tested  PTD 
monkeys on object d iscrim ination  and reversa l, sp a tia l  (place) serial 
re v e ra l ,  delayed responding and delayed nonmatch-to-sample (NHTS). 
These tasks were the same as those used by Oscar-Berman and associates
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(1980a, 1980b, 1982, above) to te s t  human Korsakoff's  p a t ie n ts .  W itt  
e t  a l .  found th a t  experimental animals made more errors  than controls  
on i n i t i a l  learning and a l l  reversals  on both the v isua l and spa tia l  
tasks. This d iffe ren ce  was s ig n i f ic a n t  on the s p a t ia l  task fo r  some 
reversals  o n ly . No d e f i c i t  was found fo r  delayed responding using 
short delays, and long delays proved too d i f f i c u l t  fo r  con tro ls . On 
delayed NMTS, however, a severe memory d e f i c i t  fo r  a l l  delay in te rv a ls  
was found in 7 of 10 experimental animals. When tested with v isual  
d iscr im ination , delayed responding, and NMTS, comparable behavioral 
resu lts  have been found in monkeys with medial thalamic lesions not of 
th ia m in e -d e fic ie n t  o r ig in  (Aggleton S Mishkin, 1983) .
Behavioral studies o f PTD ra ts  (Mair, Anderson, Langiais, & 
McEntee, 1985, 1988; Knoth, O tto , Goodness, M air, & Langia is , 1988) 
have shown s im ila r  re s u lts .  Mair e t  a l .  found no d if fe re n c e  between 
experimental and control animals on a v isual ( l ig h t /d a rk )  
d iscrim ination  task or a visual reversal task. On sp a tia l  
( l e f t / r i g h t )  d iscrim ination  and sp a tia l  reversal tasks, experimental 
animals ty p ic a l ly  made more errors  than controls but were able to 
reach c r i te r io n  performance on both tasks. Experimental animals were 
s ig n i f ic a n t ly  impaired, however, on s p a tia l  NMTS task . In add it ion ,  
on a pretra ined spa tia l  delayed a l te rn a t io n  task, experimental animals 
made s ig n i f ic a n t ly  fewer correct responses as compared to controls on 
the f i r s t  day of post treatment t ra in in g  and on 9 of 10 post-treatm ent  
t ra in in g  days.
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Knoth, O tto , Goodness, H a ir ,  and Langiais (1988), in a s im ilar  
study using a l»-arm radia l maze (see Otto, 1987), found no d ifference  
between PTD and control animals on errors to c r i te r io n  on a l ig h t /d ark  
d iscr im ination  or l ig h t /d a rk  reversal task . In add ition , although PTD 
animals made s ig n i f ic a n t ly  more errors when learning a s p a t ia l  
discr im ina tion  task , these animals were ab le to reach c r i t e r io n  
performance on th is  task. Experimental animals as compared to  
contro ls  also made more errors  when performing a spatia l reversal 
ta s k .  This d i f fe re n c e ,  however, was not s t a t i s t i c a l l y  s ig n i f ic a n t .
The PTD animals were s ig n i f ic a n t ly  impaired, however, on a delayed 
NMTS task. Where controls animals demonstrated near perfec t  
performance on the task, experimental animals only reached a level of 
75% correct responding. In ad d it io n , th is  impairment was coincident  
w ith  the observation of medial thalamic lesions; those animals that 
d id  not have the typ ica l lesion of the medial thalamus were not 
beh av io ra lly  impaired.
The pathological find ings of post thiamine deficiency in animals 
can be summarize as fo llow s. In animals, thiamine deficency produces 
neuropathology s im ila r  to tha t observed in Wernicke-Korsakoff1s 
disease. Although the th ia m ine -de fic ien t  animal models do not show 
the c lass ic  lesions of the of the mammillary bodies and b ra in  stem, 
they do show the comparable lesions of the thalamic nuc le i,  
s p e c i f ic a l ly  the medial aspect. S im ila r ly ,  these lesions have been 
im plicated in the d isruption  of c o r t ic a l  neurotransm itters .
B ehaviora lly , PTD animals were able to perform l ik e  controls  on some 
s p a t ia l  and a l l  v isua l d iscrim ination  tasks. However, these animals 
were impaired when compared to controls on more complex memory tasks
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l ik e  delayed responding and NMTS.
Several questions remain about the behavioral d e f ic i t s  observed 
in post-th iam ine defic iency . Two of these were evaluated in th is  
paper. The f i r s t  question re la te d  to the animal c o rre la te  of the 
global amnesia seen in human Korsakoff p a t ie n ts .  To date , no studies  
have looked a t  the question of multisensory learning and memory 
d e f ic i t s  in PTD animals. However, normative studies (Eichenbaum, 
Fagan, £ Cohen, 1986; Eichenbaum, Shedlack, £ Eckmann, I 98O; Nigrosh, 
S lo tn ick , £ Nevin, 1975) have shown that ra ts  can perform discrim ation  
learning, reversal learn ing, and delayed a l te rn a t io n ,  using s p a t ia l ,  
o lfa c to ry ,  and auditory cues. In the f i r s t  two experiments presented 
in th is  paper, global amnesia in PTD ra ts  was investigated , using 
s p a t ia l ,  aud ito ry , and o l fa c to ry  s t im u l i ,  to determine the degree to
m
which the learn ing and memory d e f ic i t s  extended across m u lt ip le  
sensory m o d a lit ies .
The second question concerned retrograde amnesia. Retrograde 
amnesia is a consistent fe a tu re  of human Korsakoff's  disease.
However, these patients are able to re c a ll  "overlearned" remote 
memories from th e ir  pasts, but show d e f ic i t s  on STM tasks and LTM 
tasks of newly acquired m a te r ia l .  One way to  investigate  retrograde  
amnesia in ra ts  following thiamine defic iency is by using a pretra ined  
task. A pretra ined  task has the advantage of e l im in a tin g  the factors  
associated w ith  i n i t i a l  a c q u is it io n  of the task. However, a memory 
d e f i c i t  for a pretrained behavioral task has not been adequately  
demonstrated fo r  PTD animals. Using animals pretra ined on a NMTS 
task, Experiment 3 investigated retrograde amnesia in PTD ra ts .
Page 12
I .  EXPERIMENT ONE 
Spatia l and O lfactory  D iscrim ination  and Reversal Learning 
and Spatial Representational Memory
Experiment 1 compared PTD animals and controls  on a series  of 
behavioral tasks using spa tia l  and o lfa c to ry  s t im u l i .  To date , no 
experiment has examined spa tia l  d iscr im ination  learning in naive PTD 
animals. To th is  end, a l l  animals were f i r s t  tra ined on simple 
spa tia l ( l e f t / r i g h t )  d iscr im ination  and spa tia l  reversal learn ing.  
Following the sp a tia l  d iscr im ination  task, a l l  animals were trained  
and tested on a spa tia l  memory task, spa tia l  match-to-sample (MTS). 
Following the spa tia l  tasks, a l l  animals were tra ined and tested on 
o lfa c to ry  d iscrim ination  qnd o lfa c to ry  reversal learning. The purpose 
of th is  experiment was to investiga te  spa tia l  d iscrim ination  and 
reversal d e f ic i t s ,  spa tia l  representational memory d e f ic i t s ,  and 
multisensory learning d e f ic i t s  using o lfa c to ry  s t im u l i ,  in the PTD 
r a t .
Method
Subiects. Th irty -seven male Long Evans ra ts ,  120 days o ld  a t  the 
s ta r t  of the treatment, served as subjects. Rats were randomly 
assigned to one of two groups, experimental (n*25) and control (n -12 ).
Treatment. The thiamine defic iency  treatment consisted of 
feeding experimental animals a commercially a v a ila b le  th iam ine-free  
chow (Teklad M i l ls ,  Test D iet 81029, Madison, Wl) and g iv ing d a i ly  
in trap eritonea l in jec tions  of the thiamine antagonist, pyrith iam ine
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(Sigma Laboratories) in the dose of 0 .5  mg/kg. D ie t and d a i ly  
in je c t io n s  continued u n t i l  the acute signs of avitaminosis (anorexia, 
a ta x ia ,  seizures, e tc . )  appeared. Once animals reached the f in a l  
stage of acute thiamine de f ic ie n cy , c a l le d  opisthotonos, a large  
in trap er ito n ea l dose of thiamine (100 mg/kg) was given. Thiamine 
t y p ic a l ly  reversed the acute symptoms of thiamine defic iency in 1 to 2 
hours. Animals were then returned to a regular d ie t  and allowed a 
period to  recover normal feeding behavior and n u t r i t io n a l  s ta tus .
Control animals, l ik e  experimental animals, were fed the 
th iam ine-free  chow but were given d a i ly  in trap er ito n ea l in je c tio n s  of 
thiamine in a dose o f 0 .4  mg/kg. The food intake of the control 
animals was matched to tha t consumed by the experimental animals on 
the equ iva len t day of treatm ent.
Apparatus. A ll  behavioral testing  took place in one of two 31 X 
21 X 29 cm automated operant chambers, each programmed to present 
spatia l or o lfa c to ry  cues, to  d e l ive r  water reinforcement, and to 
record incorrect and correct responding (see Figure 1 ). Each operant 
chamber was placed in a sound iso la tin g  box and con tro lled  by an Omron 
Sysmac S-6 programmable c o n tr o l le r .  Correct responding resu lted  in 
the d e l iv e ry  of 0.1 cc tap water through suspended drinking spouts 
ac tiva ted  by solenoid valves through l ic k s  recorded by a drinkometer 
circu i t .
The spatia l chamber was s p e c if ic a l ly  designed to d e l iv e r  spa tia l  
(place) cues. At the s ta r t  end of the chamber was a c i rc u la r  opening, 
5>5 cm in diameter w ith  a center 5 cm above the f lo o r .  A v e r t ic a l  
in frared  beam in the opening allowed a nosepoke to t r ig g e r  a
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p ho toe lec tr ic  switch. At the choice end of the chamber were two 
add it iona l c irc u la r  openings, the same height and s i 2e in diameter, 
located adjacent to each other 10.5 cm apart center to center, and 
s im i la r ly  mounted with p ho toe lec tr ic  switches. Inside each opening 
was a c y l in d r ic a l  space 8 .5  cm in length. Mounted inside each opening 
in  the choice end were suspended drinking spouts which could be 
tr iggered  by l ic k in g .  Mounted behind each drinking spout was a small 
75 w att /125  v o l t  capacity e le c t r ic  l ig h t  socket f i t t e d  w ith a s ty le  
6T, 4 .5  w att /115  v o l t  l ig h t  bulb. Each l ig h t  was contro lled  
in d iv id u a lly  by the programmable c o n tro l le r .  The l ig h t  in the o f f  
condition signaled the po ten tia l  a v a i la b l i t y  o f water.
The o lfa c to ry  chamber was s p e c if ic a l ly  modified fo r  the d e l iv e ry  
of o lfa c to ry  stum uli. The design of the two ends of the chamber was 
the same as tha t of the spa tia l  chamber described above, including  
p ho toe lec tr ic  c e l ls ,  drinking spouts, and e le c t r ic  l ig h t  sockets and 
bulbs. In additon, the openings in the s ta r t  and goal ends were 
f i t t e d  w ith  tubes connected to an automated, s in g le  stage d i lu t io n  
o lfactom eter. Using a i r  produced by an o i l  less compressor and dr ied  
and f i l t e r e d  through calcium s u lfa te  and ac t iva ted  charcoal f i l t e r s ,  
the o lfactometer delivered one of two odorants, in a 3% vapor 
s a tu ra t io n , to the three openings. An exhaust l in e  f i t t e d  in to  each 
of the openings constantly removed a i r ,  a t a ra te  of 1 l i t e r  per 
minute, to outside the b u ild in g . In add it ion , clean a i r  purged the 
odor lines between s t im u l i .  Two commercially a v a ila b le  odorants were 
used in th is  experiment, Geraniot 98%, and atpha-lonone 97% (Aldrich  
Chemical Company, Milwaukee, W l) .
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Procedure. Behavioral tes t ing  was l im ited  to control animals and 
those experimental animals that recovered normal n u t r i t io n a l  status  
and were without signs of gross neurological impairment fo llow ing the 
thiamine defic iency treatm ent. During behavioral te s t in g ,  a l l  animal 
were maintained on a 23-5  hour water deprivation  schedule, receiving  
fre e  water fo r  30 minutes each day fo llow ing  behavioral te s t in g .
Animals were f i r s t  tra ined and tested on the spa tia l  tasks, then 
on the o lfa c to ry  task. In the spa tia l  chamber, animats were dipper 
tra ined to l ic k  the water spouts located in the choice end of the 
chamber. During dipper t ra in in g ,  water (0.1 cc) was de live red  on a FI 
6 second schedule for l ic k in g .  A t r i a l  consisted on 1 water 
reinforcement. Animals were given 5 t r i a l s  on one s ide , then 
a lte rnated  to the o ther, fo r  a to ta l  20 t r i a l s .  Next, a l l  animals 
were tra ined to shu tt le  to the s ta r t  end and i n i t i a t e  each t r i a l  withm
a nosepoke. This t ra in in g  continued u n t i l  a l l  animals reached a 
c r i te r io n  of 20 t r i a l s  in 15 minutes.
Following dipper and sh u tt le  t ra in in g ,  a l l  animals were tra ined  
and tested on spatia l (place) d iscr im ination  and s e r ia l  reversal (SR) 
learn ing. F i r s t ,  animals were allowed to respond f re e ly  ( i . e . ,  e ith e r  
side of the choice end) fo r  ^ t r i a l s  and received water reinforcement 
on an FI 20 second schedule. The side which received the m ajority  of 
the 7 responses ( i . e . ,  > k) indicated the "preferred" s id e .  The 
nonpreferred side ( l e f t  or r ig h t)  was designated "correc t"  (S+) on Day 
1 of t ra in in g .
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At the beginning of each t r i a l ,  both l ig h ts  a t  the choice end of 
the operant chamber were i llum ina ted . An animal was required to  
i n i t i a t e  a t r i a l  with a nosepoke in the s t a r t  end. Once in i t ia te d ,  
both l igh ts  a t  the choice end were turned o f f .  I f  an animal 
approached and licked the spout on the S+ side in the choice end, two 
water reinforcement events (0.1 cc) spaced four seconds apart were 
delivered . Four seconds fo llow ing the second reinforcement, both 
l ig h ts  in the choice end were illum inated , s ig n a ll in g  the end o f the 
t r i a l .  I f ,  however, the animal approached and licked the spout on the 
S“ side in the choice end, both tights  were immediately i l lum inated ,  
thus ending the t r i a l .  Animals were required to learn to l ic k  to a 
c r i te r io n  o f e igh t consecutive correct t r i a l s  in a 25“ t r i a l  session. 
Once an animal reached c r i t e r io n  on a given day of t ra in in g ,  tha t  
session was ended and the S+ side reversed fo r  the subsequent day of 
t ra in in g .  Experimental and control animals were compared fo r  t r i a l s  
to c r i te r io n  on i n i t i a l  learn ing and seven s e r ia l  reve rsa ls .
Following completion of the spa tia l  SR task, a l l  animals were 
tra ined and tested on the spa tia l  MTS task . In MTS, each t r i a l  was 
divided in to  two phases, sample and choice. A t r i a l  was in i t ia te d  by 
a nosepoke in the s ta r t  end of the chamber. Once in i t ia te d ,  one l ig h t  
( l e f t  or r ig h t)  at the choice end was turned o f f ,  ind ica ting  the 
sample S+ side for that t r i a l  (once again, the l ig h t  in the o f f  
condition indicated the a v a i l a b i l i t y  of w a te r ) .  For a given t r i a l ,  
th is  designation was predetermined on a counterbalanced schedule.
Licks on the S+ side were re inforced by two water reinforcement events 
separated by four seconds. Four seconds fo llow ing the second 
reinforcement, the l ig h t  in the opening was illum inated ind icating  the
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end of tha t sample. Following the sample phase, the choice phase was 
i n i t ia te d  by a nosepoke in the s t a r t  end. During the choice phase, 
both l ig h ts  in the choice end were out, but reinforcement was 
a v a ila b le  only on the side re inforced in the sample phase (hence, 
match-to-sam ple). I f  the animal l icked on the S+ s ide , two water 
reinforcement events, separated by 4 seconds, were d e liv e re d . A fter a 
four second de lay , both l ig h ts  were again illum inated to  mark the end 
of the t r i a l .  I f  an animal l icked on the S- side during the choice 
phase, the t r i a l  was ended immediately. The procedure used fo r  MTS 
( in  p a r t ic u la r ,  re in fo rc in g  the sample phase of the t r i a l )  was modeled 
a f te r  W itt  and Goldman-Rakic (1983) who investigated NMTS in monkeys. 
However, with ra ts ,  p i lo t  study performance showed th a t  control  
animals were unable to learn MTS w ith  only one sample per t r i a l .  
Therefore, in th is  experiment, a t r i a l  was made up of three samples 
followed by one choice. A d a i ly  t ra in in g  session consisted of 15 
t r i a l s .  Experimental and control animals were compared on percent 
correc t t r i a l s  per session on each day of t ra in in g .
A fte r  a l l  animals reached asymptotic performance on the spatia l  
MTS task, they underwent t ra in in g  on the o lfa c to ry  learning tasks in 
the o lfa c to ry  chamber. Like spa tia l  learning described above, a l l  
animals were tra ined  and tested on o lfa c to ry  d iscr im ination  and 
re v e rs a l .
For the f i r s t  o l fa c to ry  d iscr im ination  problem, the odor Geraniol 
was designated the S+ for a l l  animals. A t ra in in g  session began with  
the l ig h ts  in the goal end illum inated and the l ig h t  in the s ta r t  end 
in the o f f  condition . A t r i a l  was in i t ia te d  by a nosepoke in the 
s ta r t  end which triggered  the d e l iv e ry  of the S+ odor in th is  port .
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Following d e l iv e ry  of the odor, a l ic k  in the s ta r t  end resulted in 
d e liv e ry  of one water reinforcement. Four seconds l a t e r ,  the l ig h t  in 
the s ta r t  end was illum inated and the l ig h ts  in the choice end were 
turned o f f .  A nosepoke in e i th e r  opening in the choice end triggered  
the d e l iv e ry  of an odor, e i th e r  the S+ or S -, on the counterbalanced 
schedule used in spa tia l  SR. Licking the spout in the presence of the  
S+ resulted in one water reinforcement and, a f te r  k seconds, the t r i a l  
was terminated. Licking in the presence of the S- resu lted  in the 
immediate term ination of the t r i a l  and i l lu m in a tio n  of the choice 
l ig h ts .  D a ily  sessions consisted of 25 t r i a l s .  Like the spatia l SR 
task, c r i te r io n  performance consisted of e igh t consecutive correct  
responses in the 25 t r i a l  session. Once c r i te r io n  had been reached, 
t ra in in g  fo r  th a t  day ended and the S+ odor reversed on the fo llow ing  
day of t ra in in g .  A ll animals were run u n t i l  they had reached 
c r i te r io n  on i n i t i a l  learning and 7 reve rsa ls . Experimental and 
control animals were compared fo r  t r i a l s  to c r i te r io n  on i n i t i a l  
learning and seven s e r ia l  reversa ls .
Following behavioral tes ting  on the o lfa c to ry  tasks, a l l  animals 
were sa c r if ic e d  and th e ir  brains removed and f ixed  by immersion.
Brains were sectioned coronally , sta ined, and both hemispheres 
examined h is topa tho log ica lly  fo r  location , s iz e ,  and ex ten t of 
1es i on i ng.
Results
Treatment. Experimental animals reached opisthotonos on days 
13"14 of pyrith iam ine treatment. Twenty-four animals (96%) survived  
induction of acute thiamine defic iency  and subsequent treatment with
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thiamine. Eighteen (75%) of the surv iv ing animals required hand 
feeding to regain normal n u tr i t io n a l  s ta tu s . Of these, 2 met the 
c r i t e r i a  for inclusion in the experimental group. Behavioral testing  
was l im ited  to control animals and the 8 experimental animals (32%) 
who were able to  meet minimal c r i t e r i a  ( i . e . ,  nosepoke and dipper
t ra in in g ,  l ic k in g  the water spouts, e tc . )  fo r  responding in the
operant chamber, and could complete 25 t r i a l s  in 60 minutes.
Behavioral Tasks. On spa tia l  SR, experimental and control 
animals were compared on mean t r i a l s  to a c r i te r io n  of 8 consecutive 
correc t responses on i n i t i a l  learning and the 7 subsequent reversa ls .
These resu lts  are presented in Figure 2. A ll animals were able to
perform the i n i t i a l  d iscrim ination  and seven s e r ia l  reversals  to  
c r i te r io n  performance. However, on i n i t i a l  learn ing, experimental 
animals required s ig n i f ic a n t ly  more t r i a l s  than contro ls  to learn the 
task to c r i t e r io n ,  , t ( l 8) ■ A .46, £  < . 001 , two t a i le d .
To perform reversal learn ing, an animal would f i r s t  be required  
to extinguish the response on the previous S+ side and then to  learn  
the new S+. Therefore i t  was expected th a t  learning the f i r s t  
reversal would require  more t r i a l s  than i n i t i a l  learn ing . As shown in 
Figure 2, both experimental and control animals required more t r i a l s  
to learn the f i r s t  reversal than they required to do i n i t i a l  learning.  
On th is  and a l l  subsequent reversa ls , experimental animals required  
consis ten tly  more t r i a l s  to  reach c r i t e r io n  than co n tro ls .  A 2 
(experim ental/control) X 8 ( i n i t i a l  learning and 7 reversals) repeated 
measures ANOVA showed the d iffe ren ce  between experimental and control 
animals was s ig n i f ic a n t ,  J F ( l , l8) -  30»75i fi < .001, means ■ 58.55 and 
32.05, resp e c tive ly .  A s ig n if ic a n t  main e f fe c t  for reversals was also
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found. £.(7 . 126) ■ 6 . 21, £ <  . 001 , showing both groups improved over 
the course of reversal t ra in in g .
However, the main e f fe c ts  must be considered in l ig h t  of the 
s ig n if ic a n t  group by reversa ls  in te ra c t io n ,  £ ( 7 , 126) *  2 .4 ,  £  ■ .04 .  
This in te rac tio n  was due to  the d i f f e r e n t  rates of improvement between 
the two groups.
To tes t  and s a t is i f y  the the assumption of homogeneity of 
variance for a l l  ANOVAs, a three step procedure described by Kirk  
( 1982, pp. 253-262) was used. For the between-group e f fe c ts ,  the  
Cochrans C te s t  of homogeneity of variance was ca lc u la te d . I f  the 
assumption of homogeneity was not met ( i . e . ,  the Cochrans C was 
s ig n i f ic a n t ) ,  the Geisser-Greenhouse conservative F te s t  was 
ca lcu la ted . For the w ith in-group e f fe c ts ,  the m u lt iv a r ia te  c o rre la te  
of the Cochrans C, the Mauchly W tes t  o f  sp h e r ic ity ,  was ca lcu la ted .
I f  th is  test o f homogeneity of variance was s ig n i f ic a n t ,  the 
conservative F te s t  was again ca lcu la ted . In the case where the 
conventional F te s t  was s ig n i f ic a n t  and the conservative F te s t  was 
not, the Huynh-Feldt adjusted F test was used. For SR above, the 
between groups Cochrans C ■ . 55 , ns, and the Mauchly W *  .034, £  *  
.003. Therefore, the within-groups F tes ts  reported above were 
adjusted using the Huynh-Feldt p ro b a b i l i ty .
The resu lts  fo r  spa tia l  MTS are shown in Figure 3* On MTS, 
control animals showed a consistent improvement across sessions, 
beginning with 58% correct in the f i r s t  session and improving to  72% 
correc t by the la s t  session. Experimental animals, however, did not 
show a s im ila r  trend in improvement. Performance of th is  group in the
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f i r s t  session was s l ig h t ly  though not s ig n i f ic a n t ly  b e t te r  than 
controls a t  60%, and percent correct scores ranged from a high of 66% 
to a low of 56%. Repeated measures ANOVA showed no s ig n if ic a n t  
d iffe ren c e  on performance between experimental and control groups, 
F . ( l , l 8) -  -33 . means* 9 .5  and 9*77* resp e c tive ly ,  and a d irec t io n a l  
but not s ig n i f ic a n t  improvement across sessions, £ (18 ,324 ) *  1.44, £  *  
.11 . However, there was a s ig n if ic a n t  group by sessions in te ra c t io n ,  
£(18,324) *  1 .8 ,  £  ■ .02 . For homogeneity of variance, the Cochrans C 
*  .77. ns, the Mauchley W *  1.75* £  “ -02 . The w ithin-groups F tes ts  
were adjusted using the Huynh-Feldt p ro b a b i l i ty .  The resu lts  of MTS 
are in d ic a t iv e  of the improvement across sessions fo r  the control 
animals but no such improvement among the experimental animals.
For o l fa c to ry  d iscrim ination  and SR, l ik e  s p a tia l  learning, 
experimental and control animals were compared on mean t r i a l s  to a 
c r i te r io n  of 8 consecutive correct responses. The re s u lts  of 
o lfa c to ry  SR are presented in Figure it. A ll animals were able to  
perform the i n i t i a l  o l fa c to ry  d iscr im ination  task. However, on 
i n i t i a l  learning experimental animals required s ig n i f ic a n t ly  more 
t r i a l s  than control animals to reach c r i te r io n  performance, t ( l 8) *  
3*29, £  *  .004 , two t a i l e d .  In a d d it io n , experimental animals as 
compared to controls were impaired on o lfa c to ry  reversal learning, 
a f te r  a to ta l  of 1600 t r i a l s  only three of eight animals reached 
c r i te r io n  fo r  the f i r s t  re v e rs a l.  O v e ra l l ,  experimentals as compared 
to  controls accomplished s ig n i f ic a n t ly  fewer reversa ls , £ ( 18) *  4 . 57 ,
£  < . 001 , two ta i le d ,  means *  2.38  and 6 . 17* re sp e c t ive ly .
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On the f i r s t  da / of reversal learn ing , an animal who is sens it ive  
to the change in contingency between the reinforcement and the S+, 
would be expected to score below chance fo r  a number fo r  t r i a l s ,  w h ile  
ex t in c t io n  to the former S+ takes p lace, a t  chance w h ile  the animals 
learns the new S+, and- above chance once learning has taken place. 
Mishkin and associates (Deuel, Mishkin, S Semmes, 1971! Jones 6 
Mishkin, 1972) have analyzed and described the stages of reversal 
learning in d e t a i l .  The f i r s t  several sessions of i n i t i a l  and 
reversal learning fo r  o l fa c t io n  are presented in Figure 5* The arrow 
indicates performance on the day c r i te r io n  for i n i t i a l  learning was 
reached. As shown, control animals improve s tead ily  over the f i r s t  6 
i n i t i a l  learning sessions. S im ila r ly ,  experimental animals show 
improvement over the i n i t i a l  learning sessions but are consis ten tly  
less accurate than con tro ls . On c r i t e r io n  day, the two groups do not 
d i f f e r ,  but as Figure k demonstrates, the experimental animats have 
required s ig n i f ic a n t ly  more t r i a l s  to  reach th is  level of performance. 
For reversal learn ing, both groups drop to chance le v e ls .  Once again, 
however, the control animal show steady improvement across the f i r s t  
several sessions. These data shows th a t  both the experimental and 
control groups were sen s is tive  to the change in contingency for  
reversal learn ing.
Anatomy. The coronal view of the approximate area of the bra in  
affec ted  by thiamine defic iency , from Paxinos and Watson (1982), is  
shown in Figure 6 . Photomicrographs of the brain  lesions of 
experimental animals are presented in Figure 7. Histopathological  
analysis of these brains revealed consistent lesions o f the thalamus, 
p a r t ic u la r ly  the medial aspect. S p e c i f ic a l ly ,  a c h a ra c te r is t ic  band
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of g l io s is  and c e l l  loss was noted (indicated by arrow), centered on 
the intralaminar nuclei and involving the ven tra l aspects o f  the 
mediodorsal nucleus. S ig n i f ic a n t ly ,  one animal (H) lacked the 
pathology of the medial thalamus and on the o lfa c to ry  task performed 
a t  a level comparable to that o f  the control animals.
Discussion
In the study conducted by V ic to r ,  Adams, & Collins (1971)• of the  
2k*> patien ts  who demonstrated the  signs of acute Wernicke's disease, 
186 (75%) survived to  be tested fo r  Korsakoff's disease. In th is  
experiment, because o f the s e v e r ity  of the thiamine d e f ic iency  
treatm ent, the su rv iva l rate among the experimental animals was 
considerably lower. One consequence of a low survival r a t e  among the 
experimental animals is that only the best animals ( i . e . ,  least  
severly  lesioned) remain to be beh av io ra lly  tes ted . This is  true  
among human Korsakoff's  patients as w e ll .  The b ias, however, would be 
away from finding a d ifference between experimental and control 
anim als. The fa c t  th a t  learning d e f ic i ts  were found even among the 
"best" experimental animals speaks for the robustness of the  treatment 
e f f e c t .
The results o f the spatial d iscr im ination  and reversal task 
showed that naive PTD rats have c le a r  learning d e f ic i ts  on tasks 
re q u ir in g  the use o f  spatial inform ation. However, the re s u lts  also 
demonstrated that PTD rats had some spared capacity  for processing 
s p a t ia l  information. All experimental animals were able to  perform 
the task to c r i te r io n  and show p o s it iv e  tra n s fe r  across reve rsa ls .
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On spa tia l  NTS, control animals showed consistent improvement 
across sessions. Experimental animals, however, did not show a 
s im ila r  improvement. This f ind ing  suggests a learning d e f i c i t  fo r  
tasks requ ir ing  representational memory.
On the o lfa c to ry  d iscr im ination  and reversal task, PTD animals 
showed a severe learning d e f i c i t  on a task requ ir ing  use of o l fa c to ry  
information. However, a l l  experimental animals were able to perform 
the f i r s t  d iscrim ination  to  c r i te r io n ,  demonstrating th a t  these 
animals are not anosmic. These resu lts  are consistent with the 
demonstration of o l fa c to ry  d iscr im ination  d e f ic i t s  reported among 
human Korsakoff's  p a t ie n ts .  In ad d it io n , these resu lts  are consistent  
with those of Eichenbaum and associates (Eichenbaum, Fagan, & Cohen, 
1986; Eichenbaum, Shed lack, & Eckmann, 198O) who have found o lfa c to ry  
discr im ina tion  d e f ic i t s  in ra ts  with medial thalamic lesions.
One c r i t ic is m  of the resu lts  of th is  experiment concerns the 
value of the reinforcement. All animals were maintained on a 23*5 
hour water deprivation  schedule. However, i t  possible th a t  water 
deprivation  might have d i f f e r e n t i a l l y  a f fe c te d  experimental animals as 
compared to contro ls . The behavioral d e f i c i t ,  then, could be due to  
the d i f f e r e n t ia l  value of the reinforcement fo r  the two groups. 
However, several facts  argue against th is  hypothesis. F i r s t ,  
anecdota lly , experimental animals appear equally  motivated to drink  
during the 30 minute f re e  water period. During th is  time, when water 
is made a v a ila b le ,  a l l  animals immediately approach the spouts and 
drink continuously fo r  an extended period. Second, the amount of 
water consummed by the experimental animals during the fre e  water 
period does not d i f f e r  from that consummed by the control animals.
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F in a l ly ,  acq u is it io n  rates between experimental and control animals 
did not d i f f e r  on the l ig h t /d a rk  d iscr im ination  task using water 
reinforcement. Although i t  is impossible to unequivocally sta te  th a t  
the water was equally re in fo rc in g  for the experimental and control 
animals, the fa c t  tha t experimental animals can acquire a behavioral 
task a t  the same ra te  as controls using water reinforcement, makes i t  
improbable tha t the d iffe rences  found between the experimental and 
control animals in the experiments above were p r im a ri ly  due to the 
d i f f e r e n t ia l  e f fe c t  of the reinforcement.
Anatomically, pyrith iam ine and thiamine defic iency has been shown 
to lead to consistent lesions of the thalamus. As expected, in th is  
experiment the thiamine defic iency  treatment produced the typical 
lesion of the medial thalamus. Importantly, the one animal that did  
not show the thalamic lesion was not behav iora lly  impaired on the 
o lfa c to ry  task. These find ings a f f irm  the ro le  of the medial thalamus 
in spa tia l  and o lfa c to ry  d iscr im ination , and the spa tia l  
representational memory d e f ic i t s  observed in post-th iam ine de f ic ie n cy .
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I I .  EXPERIMENT TWO 
Spatia l and Auditory Discrim ination and Seria l Reversal Learning 
and S patia l Representational Memory
Experiment 2 compared PTD animals and control animals on a series  
of behavioral tasks using spatia l and auditory s t im u l i .  As in 
Experiment 1, a l l  animals were tra ined  and tested on simple spa tia l  
d iscrim ination  and reversal learning. Following the spatia l  
discrim ination  task, a i l  animals were tra ined and tested on the 
spatia l memory task, sp a tia l  MTS. Following the s p a tia l  tasks, a l l  
animals were tra ined and tested on aud itory  d iscrim ination  and s e r ia l  
reversal learning. The purpose of th is  experiment was to re p l ic a te  
the spa tia l  learning tasks of Experiment 1 and to  investigate  
multlsensory learning d e f ic i t s  using auditory s t im u l i ,  in the PTD r a t .
Method
Subjects. Twenty-six male Long Evans ra ts ,  130 days old a t  the  
s ta r t  of treatment, served as subjects. Rats were randomly assigned 
to one of the two groups, experimental (n*lL) or control (n -12) .
Treatment. The thiamine defic iency treatment described in 
Experiment 1 was used in th is  experiment with one exception. In 
Experiment 1, thiamine defic iency was reversed when animals reached 
opisthotonos, fo llow ing approximately 1L hours of se izure  a c t i v i t y .
In th is  experiment, to  insure a higher survival ra te  among 
experimental animals, thiamine defic iency  was reversed 8 hours 
fo llow ing the onset of seizure a c t i v i t y .  Other studies suggest th a t
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in thiamine defic iency experimental animals develop the c r i t i c a l  
lesion of the thalamus prior to reaching opisthotonos (Langlais, H a ir ,  
Anderson, McEntee, 1987b ) .  In a d d it io n ,  animals that are reversed 
prior to th is  stage of defic iency have higher surv ival rates and are 
more l i k e ly  to recover normal n u t r i t io n a l  s ta tu s . The procedure used 
to t re a t  the control animals was unchanged from Experiment 1.
Apparatus. Behavioral te s t in g  took place in one of two operant 
chambers, the sp a tia l  chamber described in Experiment 1, and a second 
chamber modified to d e l iv e r  aud itory s t im u li .
The design of the auditory chamber was s im ila r  to th a t  o f the 
spatia l chamber. The openings in both the s t a r t  end and goal end, 
however, were each f i t t e d  with an Archer p e iz o le c t r ic  transducer, 
placed in the rear of the c y l in d er .  Two tone s t im u l i ,  2000 Hz a t  113 
dB and 7000 Hz a t  83 dB were produced by a Jackson Model 655 audio 
o s c i l la t o r .  These se tt ing s  produces two ea s ily  d i f fe r e n t ia te d  
auditory s t im u l i .
Procedure. As in Experiment 1, behavioral tes t ing  was l im ited  to  
control animals and those experimental animals th a t  recovered normal 
n u tr i t io n a l  status w ithout gross neurological impairment and who could 
meet minimal requirements for responding in the operant chamber. 
Animals were maintained on a 23.5 hour water deprivation  schedule and 
given 30 minutes of f re e  water each day fo llow ing  behavioral te s t in g .
Animals were f i r s t  tra ined and tested on the spa tia l  tasks  
followed by the aud itory  task. The procedure fo r  dipper and shu tt le  
t ra in in g ,  the spa tia l  d iscr im ination  and reversal task, and spa tia l  
MTS, was the same as described in Experiment 1.
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The aud itory tasks consisted of simple d iscr im ination  and SR.
For auditory d iscr im in a tio n , tra in in g  sessions began w ith  the l ights  
in the goal end illum inated and the l ig h t  in the s ta r t  end in the o f f  
cond it ion . For a l l  animals, the 2000 Hz tone was designated the S+ 
tone fo r  the i n i t i a l  d iscr im ination  problem. A t r i a l  was in i t ia te d  
w ith  a nosepoke in the s t a r t  end of the chamber. Once i n i t ia t e d ,  the 
l ig h t  in the s t a r t  end was turned on, the l ig h ts  in the goal end 
turned o f f ,  and the two tones presented a t  the goal. The respective  
location  of the tones was determined by the counterbalanced schedule 
used in the spa tia l  task. When an animal nosepoked in the opening on 
e ith e r  side of the goal end, the tone in the other opening was turned 
o f f .  Licking in the presence of the S+ a f te r  a continuous 2 second 
nosepoke resulted in the d e l iv e ry  of water reinforcement. Four 
seconds a f te r  reinforcement, the ligh ts  in the goal end were 
i l lum inated and the t r i a l  was terminated. A l ic k  in the presence of 
the S- a f te r  a 2 second nosepoke produced no consequence to  the animal 
but was counted as an e r ro r .  This procedure guaranteed the  
association between the S+ and reinforcement on every t r i a l .  As in 
Experiment 1, animals were required to learn to  l ic k  to the S+ to a 
c r i t e r io n  of 8 consecutive correc t t r i a l s  in a 25 t r i a l  session. More 
s tr in g en t  requirements fo r  demonstrating c r i te r io n  performance were 
adopted in th is  experiment, however, to insure that the animals had 
adequately learned the S+ d iscr im ination . Here, to reach c r i te r io n ,  
an animal had to demonstrate c r i te r io n  performance on 2 o f 3 d a i ly  
sessions of t ra in in g .  Once c r i te r io n  was reached, the S+ was reversed 
on the follow ing day of t ra in in g .  As in Experiment 1, experimental 
and control animals were compared for t r i a l s  to  c r i te r io n  on i n i t i a l  
learning and a l l  reversa ls .
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Resut ts
Experimental animals began to evidence seizure a c t iv i t y  and were 
subsequently reversed from acute thiamine defic iency on days 11-13 of 
pyrith iam ine treatm ent. Twelve of the lit animals (86%) survived the 
induction of thiamine defic iency and subsequent treatment w ith  
thiamine. Four the surviving animals (29%) had to  be hand fed but did 
not meet the c r i t e r i a  fo r  behavioral te s t in g .  Behavioral te s t in g  was 
l im ited  to the 8 experimental animals (57%) who were able to meet the 
minimal c r i t e r i a  for responding in the operant chamber.
On spa tia l  SR, experimental and control animals were compared on 
mean t r i a l s  to a c r i te r io n  of 8 consecutive correct responses on 
i n i t i a l  learning and 7 subsequent reve rsa ls . The results  are  
presented in Figure 8 . As in Experiment 1, on i n i t i a l  learning  
experimental animals required more t r i a l s  than control animal to  reach 
c r i te r io n  performance. However, th is  d iffe ren c e  was not s ig n i f ic a n t ,  
t (18) « 1.37. £  *  .18, two t a i le d .  Experimental animals consis ten tly  
required more t r i a l s  than controls to  perform each subsequent reversal 
to c r i te r io n .  A 2 (experim enta l/contro l)  X 8 (reversals) repeated 
measures ANOVA revealed th is  d iffe ren c e  was s ig n i f ic a n t ,  £ (1 ,1 8 )  ■ 
5.1*1*, g < . 05 , means “ 56*3 and l*3»9, resp e c tive ly .  S im ila r ly ,  both 
experimental and control animals s ig n i f ic a n t ly  improved across 
reversa ls , £ (7 ,126) ■ 6 .5^ , E < *001. There was no s ig n if ic a n t  group 
by reversals  in te ra c tio n  e f fe c t ,  £ (7 ,126 )  » .25, ns. Tests of 
homogeneity of variance revealed a Cochrans C -  . 83 , e  ■ *°3* a 
Hauchly W -  .09 , ns. The between-groups F was adjusted using the 
Greenhouse-Geisser p ro b a b i l i ty .  In te re s t in g ly ,  the experimental 
animals in th is  experiment performed l ik e  those in Experiment 1.
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However, control animals required more t r i a l s  than the control animals 
from Experiment 1 to perform i n i t i a l  learning and a l l  reve rsa ls , thus 
e lim ina ting  the between groups d iffe ren c e  here.
The spa tia l  SR task was a re p l ic a t io n  of the task used in 
Experiment 1. Combining the resu lts  of the two tasks would increase 
the ove ra ll  sample s ize  of the experiment and increase s t a t is t ic a l
power. To determine i f  i t  was reasonable to combine the resu lts  of
the two experiments, a 2 (experim ental/contro l) X 2 (experiment 1 and 
2) X 8 (reversals) repeated measures ANOVA was performed. There were 
no s ig n if ic a n t  group by experiments, reversa ls  by experiments, or 
group by reversals by experiments in te ra c tio n s , F 's  ■ 3-87* .93 . -52 . 
resp e c tive ly .  The fa c t  tha t there were no experiment by main e f fe c ts  
in te rac tions  j u s t i f i e d ,  on s t a t is t i c a l  grounds, combining the two 
groups (see Winer, 1962; Keppel, 1973)
The resu lts  of spa tia l  SR from Experiment 1 and 2 were combined
and presented in Figure 9. On i n i t i a l  learning of the spa tia l  SR
task, experimental animals required s ig n i f ic a n t ly  more t r i a l s  than 
contro ls , (38) -  3*58 . £ <  .001, two t a i l e d .  In add it ion ,  
experimental animals required more t r i a l s  than controls  on a l l  
subsequent reversa ls . A 2 (experim ental/control) X 8 (reversals) 
repeated measures ANOVA showed that th is  d iffe ren ce  was s ig n i f ic a n t ,  
£ ( 1, 38) « 26.11 , p < .001, means ■ 57*^ and 38 .0 , resp e c tive ly .  
S im ila r ly ,  there was a s ig n i f ic a n t  d iffe ren c e  across reversa ls ,  
£ ( 7 . 252) ■ 12.08 , p < .001, demonstrating that both groups showed 
pos it ive  t ra n s fe r .  There was no s ig n if ic a n t  group by reversals  
in te ra c t io n , £ (7 ,266) ■ 1.76, ns. Tests o f homogeneity of variance  
showed a Cochrans C ■ . 58 , ns, and a Mauchly W ■ .21 , £  ■ .002. The
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within-groups Fs were adjusted using the Greenhouse-Geisser 
probabi1i t y .
The resu lts  of spa tia l  MTS are presented in Figure 10. As in 
Experiment 1, control animals showed consistent improvement across 
sessions, beginning a t  50% correc t in the f i r s t  and improving to 82% 
correct by the la s t .  Experimental animals did not show the sattie 
improvement across sessions. On the f i r s t  session, experimental 
animals performed s l ig h t ly  though not s ig n i f ic a n t ly  b e tte r  than 
controls a t  59% c o rre c t ,  and were l i t t l e  changed by the la s t  session 
a t  57% co rre c t .  Percent correct scores ranged from a low of 48%, to a 
high of 71%. A 2 (experim enta l/contro l)  X 19 (sessions) repeated 
measures ANOVA showed no s ig n if ic a n t  d iffe ren ce  between experimental 
and control groups, £ (1 ,18 )  ■ 3 *09 . £  ■ . 1, means ■ 8 .7  and 9 .8 ,  
respec tive ly , but a s ig n if ic a n t  main e f fe c t  fo r  session, £(18 ,324) -  
4 .4 ,  £ < .001. The main e f fe c ts  must be considered in l ig h t  of the 
s ig n i f ic a n t  group bv sessions in te ra c t io n ,  £ (18 ,324) « 2 .2 9 ,  P *  .002. 
This in te ra c tio n  demonstrated th a t  the control animals improved across 
sessions, whereas the experimental animals did not. Tests of 
homogeneity of variance showed a Cochrans C -  . 56 , ns, and a Mauchly W 
*  4 .46 , p -  .001. Within-groups F tests  were adjusted using the 
Greenhouse-Geisser p ro b a b i l i ty .
As w ith  spa tia l  SR, for sp a tia l  MTS, when experiment was used as 
an independent v a r ia b le ,  there were no s ig n if ic a n t  group by 
experiments, group by sessions, or group by sessions by experiments 
in te rac tio n s , £ 's  « 1.05* 1*37* and 1.53* resp e c tive ly .  Therefore,  
the resu lts  of spa tia l  MTS fo r  Experiments 1 and 2 were combined and 
are presented in Figure 11. A 2 (experim enta l/contro l)  X 19
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(sessions) repeated measures ANOVA was performed on th is  data . The 
two groups (experimental and control) performed a t  near chance levels  
fo r  the f i r s t  several sessions, thus in sp ite  of a d if fe re n c e  in the 
appropriate d ire c t io n ,  the main e f fe c t  for group was not s ig n i f ic a n t ,
£  ■ 3*04, £  » .09, means « 9*12 and 9 .8 ,  re sp e c t ive ly .  There was, 
however, a s ig n if ic a n t  main e f fe c t  fo r  sessions, £  *  U.6k, £  < .001 , 
and a s ig n i f ic a n t  group by sessions in te ra c t io n , £  ■ 2 . 55 , £  < . 001 , 
re s p e c t iv e ly ) .  Tests of homogeneity of variance showed a Cochrans C ■ 
• 6i», ns, and a Mauchly W *  .003, ns. These resu lts  r e f le c t  the c lear  
improvement across sessions fo r  control animals and the lack of 
improvement fo r  experimental animals.
On auditory d iscrim ination  and SR, l ik e  o lfa c to ry  learn ing,  
experimental and control animals were compared on mean t r i a l s  to  a 
c r i te r io n  of 8 consecutive correct responses. The resu lts  are 
presented in Figure 12. On i n i t i a l  learning, although a l l  animals 
were able to  reach c r i te r io n  performance, experimental animals 
required s ig n i f ic a n t ly  more t r i a l s  than con tro ls , , t ( l 8) •  2 . 96 , £  ■ 
.008, two t a i l e d .  In ad d it io n , only 3 of 8 (38%) experimental animals 
were able to learn the f i r s t  auditory reve rsa l,  compared to 10 of 12 
(83%) control animals. O vera l l ,  experimental animals accomplished 
s ig n i f ic a n t ly  fewer o vera ll  reversals  than control animals, t ( l 8 )  *  
2 .75 , £  ■ .01 , two ta i le d ,  means *  I .38  and 2.33* resp e c tive ly .
Figure 13 shows the percent correc t responding on the f i r s t  
several sessions of i n i t i a l  learning and the f i r s t  reversal fo r  
auditory d iscr im in a tio n . S im ilar  to the data presented fo r  o lfa c to ry  
learning, fo r  i n i t i a l  learning performance begins a t  chance and 
consis ten tly  improves to c r i te r io n  (ind icated by the arrow ). On the
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f i r s t  day of reversal learning, as expected, both groups drop to below 
chance leve ls , but as the f ig u re  ind icates , both groups quickly  return  
to chance performance. This data indicates th a t  both groups are  
s e n s it iv e  to the chance in contingency on reversal learning and 
quickly  extinguish the response to the former S+. The d e f i c i t  between 
the experimental and control groups, then, does not appear to be in 
the e x t in c t io n  stage of reversal learning but in the acq u is it ion  of 
the new S+.
Discuss ion
S im ilar  to the resu lts  of Experiment 1, PTD animals in th is  
experiment showed c lea r  learning d e f ic i t s  on spa tia l  d iscrim ination  
and reversal learn ing . However, once again, PTD animal were able to  
reach c r i te r io n  performance and show p o s it iv e  t ra n s fe r  across 
reve rs a ls .  The combined resu lts  from Experiments 1 and 2 c le a r ly  show 
a learning d e f i c i t  fo r  PTD animals. Experimental animals required  
more t r i a l s  than controls  to learn the task i n i t i a l l y ,  and on a l l  
subsequent reve rs a ls .  Both groups, however, showed p o s it ive  tran s fe r  
across reversa ls . These resu lts  are consistent w ith  previous studies  
(Knoth, Otto, Goodness, H a ir ,  £ Langla is , 1988; H a ir ,  Anderson, 
Langla is , £ HcEntee, 1988) that have found some spared capactity  in 
PTD animals fo r  processing visual and spa tia l  inform ation.
On spa tia l  HT5, control animals in th is  experiment showed 
consistent improvement across sessions. However, as in Experiment 1, 
PTD animals showed no such improvement. The combined data from 
Experiments 1 and 2 c le a r ly  show the nature of the learning d e f i c i t .  
These resu lts  r e f le c t  a learning d e f i c i t  for tasks of spa tia l
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representational memory, and are consistent w ith  previous studies that 
have found representational memory d e f ic i t s  in PTD animals fo r  
nonmatching tasks (e .g . ,  Knoth, O tto , Goodness, H a ir ,  & Langla is ,
1988; H a ir ,  Anderson, Langlais, S HcEntee, 1988) .
On the auditory d iscrim ination  and reversal task, experimental 
animals once again showed a severe learning d e f i c i t .  These resu lts  
are consistent w ith the auditory d iscr im ination  d e f ic i t s  found in 
Wernick-Korsakoff's pa tien ts  (Hair, Doty, K e lly ,  Wilson, Langla is ,  
HcEntee, 6 Vollmecke, 1986). Analysis of the e a r ly  stage of reversal 
learning suggests that the d e f i c i t  is not due to in s e n s it iv i ty  to the 
changing contingencies or to retarded ex t in c t io n  learning but occurs 
during the acq u is it ion  of the new S+. Both experimental and control  
animals, as expected, perform below chance leve ls  fo r  several sessions 
but quickly  return to chance leve ls .  The d e f i c i t  observed in 
experimental animals, then, appears to  be due to slow acq u is it io n  of 
the new S+. These re s u lts ,  combined w ith  those from the o l fa c to ry  
d iscrim ination  problem from Experiment 1 and the spatia l  
d iscrim ination  results  described above, demonstrate the multisensory  
nature of the learning d e f ic i t s  in PTD animals and a ffirm  the r o le  of 
the medial thalamus in global amnesia. The re s u lts  of th is  experiment 
also a f f irm  the ro le  of the medial thalamus in the spatia l  
representational memory d e f ic i t s  observed in PTD animals.
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M l .  EXPERIMENT THREE 
Pretrained Spatia l Representational Memory
Experiment 3 compared PTD animals and controls on spa tia l  
nonmatch-to-sample (NMTS). The NMTS task was chosen for th is  
experiment for several reasons. F i r s t ,  01 ton (1982) has shown that  
rats  learn tasks requ ir in g  w in -s h i f t  s tra te g ie s  eas ier than they learn  
win-stay tasks. Second, other experiments (e .g . ,  Knoth, Otto, 
Goodness, Mair, & Langlais, 1988) have successfully tra ined  PTD ra ts  
to perform NMTS tasks. T h ird ,  in Experiments 1 and 2, even control  
animals had d i f f i c u l t y  learning the MTS task and then only performed 
at 80$ correct responding. Unlike Experiments 1 and 2, however, in 
th is  experiment a l l  animals were pretra ined  on the behavioral task.  
Following p re tra in in g ,  experimental animals underwent the thiamine  
defic iency treatment, and fo llow ing recovery, a l l  animal were retested  
on the task.
Based on both the human l i t e r a tu r e  and other PTD studies using 
p re tra in in g  (e .g . ,  M air, Anderson, Langla is , & McEntee, 1985) ,  i t  was 
expected that the performance of both groups on the f i r s t  day of  
posttra in ing  would show a decay over the treatment period . Mair e t  
a l .  found tha t control animals' (n«7) performance was reduced from 
73 *7% correc t on the la s t  day of p re tra in in g  to 61 . 6$ on the f i r s t  day 
of p o s ttra in in g . Experimental animals (n*3) dropped from 68 . 7$ 
correc t to  30.0$ correc t over the treatment period. However, Mair e t  
a l .  used a delayed a l te rn a t io n  task and animals were tra ined  to  
approximately 70$ correc t responding. In add it ion , a l l  animals were
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treated  to opisthotonos, and thus there was a sharply reduced surv ival  
ra te  among experimental animals; only 3 o f  15 experimental animals 
could perforin in the operant chamber.
In th is  study, animals were tra ined  to  90% co rre c t  responding 
over 100 t r i a l s .  Also, as in Experiment 2, recovery from thiamine 
defic iency was in i t ia te d  before reaching opisthotonos. P re tra in ing  
subjects on the behavioral task had the advantage of c o n tro l lin g  fo r  
factors  associated with i n i t i a l  learning of the task a t  re tes t in g .  
Retrograde amnesia was evaluated by the d iffe rence  between 
experimental and control animals' performance on the f i r s t  day of 
re te s t in g .  Anterograde amnesia was evaluated by the d iffe rence  
between experimental and controls animals' rates of improvement on the 
task on subsequent days of re te s t in g .
Method
Subjects. Twenty-four male Long Evans ra ts , 105 days old on the 
f i r s t  day of p re tra in in g ,  served as subjects. Following p re tra in in g ,  
animals were matched and assigned to group, experimental (n*l6) and 
control (n«8).
Apparatus. A ll  behavioral t ra in in g  took place in the spatia l  
operant chamber described in Experiment 1. A 6.5  cm p a r t i t io n  was 
inserted between the openings a t  the goal end of the box to c le a r ly  
d i f f e r e n t ia t e  the two sides of the goal end..
Treatment. The thiamine defic iency treatment described in 
Experiment 2 was used. The treatment procedure fo r  the control 
animals was the same as described in Experiment 1.
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Procedure. During behavioral t ra in in g ,  a l l  animals were 
maintained on a 23*5 hour water deprivation  schedule and received free  
water for 30 minutes each day fo llow ing behavioral te s t in g .
All animals underwent dipper and s h u tt le  t ra in in g  according to  
the procedure described in Experiment 1. Following th is  t ra in in g ,  
animals were tra ined  on the sp a tia l  NMTS task . Spatia l NMTS en ta i le d  
the same procedure used fo r  spa tia l  MTS in Experiment 1. However, 
during the choice phase of the t r i a l ,  animals were rewarded for  
l ic k in g  on the side opposite to th a t  presented during the sample 
phase. Unlike Experiment 1, there was one sample per choice. In 
ad d it io n , errors immediately resulted  in a 2 second buzzer and 
term ination of the t r i a l .  T ra in ing sessions consisted o f 25 t r i a l s ,  
and animals received one tra in in g  session per day. T ra in in g  continued 
u n t i l  a l l  animals were responding a t  an average of 90% correc t fo r  100 
t r i a l s .  Animals were then matched for performance on the last 100 
t r i a l s  and assigned to groups by block randomization, experimental 
(n«l6) and control (n *8 ) .
Following the p re tra in in g ,  experimental animals underwent the  
thiamine defic iency treatment. Following in s t i tu t io n  and recovery 
from thiamine d e f ic ien cy , a l l  animals were retested on the task. 
Retesting was in i t ia te d  67 days fo llow ing the last day o f  p re tra in in g .  
Experimental and control animals were compared on percent correct  
t r i a l s  a t  re tes ting  and t r i a l s  to  re learn  spa tia l  NTMS.
Results
P re tra in in o . P retra in ing  on the NMTS task took p lace over 35 
d a i ly  sessions of 25 t r i a l s .  On the las t  day of p re tra in in g ,  animals
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were performing above 90% co rrec t  responding, mean -  22.8  (91%), range 
20.75 -  24.75 .
Treatment. Experimental animals began to  show signs of se izure  
a c t iv i t y  on days 14-15 of the thiamine d efic iency  treatm ent. Animals 
were administered thiamine 6 -8  hours fo llow ing  onset of seizure  
a c t iv i t y .  Fourteen animals (88%) survived induction of acute thiamine  
defic iency and subsequent treatment with th iam ine. Behavioral 
re te s t in g  was l im ited  to the control animals and the 11 (69%) 
experimental animals that could meet the minimal requirements for  
responding in the operant chamber.
Behavioral Task. The re s u lts  of th is  experiment are presented in 
Figure 14 which shows performance on the las t  four days of 
p re tra in in g , the treatment ( ind ica ted  by the arrow ), and performance 
in posttreatment sessions. On day 1 of behavioral re te s t in g ,  control 
animal performance dropped from 91% correct responding to 74% c o rrec t,  
and experimental animals dropped from 91% co rrec t  to 43% co rre c t .
This d iffe ren c e  was s ig n i f ic a n t ,  t ( l 6) « 3.77* £  ■ .002, two t a i l e d .  
Both groups improved over the next 15 t ra in in g  session, contro ls  to  
90% correc t responding and experimentals to  69%. A 2 
(experim ental/contro l) X 15 (sessions) repeated measures ANOVA showed 
the d if fe re n c e  between experimental and control animals to be 
s ig n i f ic a n t ,  £.(1, 16) *  8 .3 4 ,  £  ■ . 01 , means *  14.78 and 20.19,  
resp e c tive ly .  S im ila r ly ,  there was a s ig n i f ic a n t  main e f fe c t  fo r  
sessions, £ (14,224) ■ 2 . 98 , £  ■ .003, showing improvement across 
sessions. There was no in te ra c t io n  e f fe c t ,  f_ -  . 59 , ns. Tests of 
homogeneity of variance showed a Cochrans C *  . 85 , £  -  .02 , and 
Mauchly W ■ 1.68, £  ■ .001. Therefore , both between and w ith in  groups
Page 39
Fs were adjusted using the Greenhouse-Geisser p ro b a b i l i ty .  These 
resu lts  show th a t  w hile  control animals were much b e t te r  on NMTS than 
the experimental animals, both groups improved across sessions a t  
approximately the same ra te .
One c r i t ic is m  of a memory task where the delay between the sample 
and the match (or nonmatch) is under the control of the animal is that  
the actual delay may be greater fo r  animals tha t run slowly. That is ,  
i f  experimental animals are slower, they may a c tu a l ly  be experiencing  
a longer delay between the sample and the match than the control 
animals. I t  could be tru e ,  the re fo re ,  that the memory d e f i c i t  
observed in th is  experiment was p r im a r i ly  due to the longer de lay . To 
investigate  th is  p o s s ib i l i t y ,  the actual delays between presentation  
of the sample and the subsequent match were measured. The data are  
presented in Figure 15* As shown, the control animals as compared to  
the experiments Is had a d is t r ib u t io n  of responses th a t  is skewed to  
the r ig h t .  S im i la r ly ,  control were as accurate as experimental 
animals except as the shortest de lay . I f  we consider only those 
reponses of the control and experimental animals th a t  occurred in the 
f i r s t  b in , or 3 seconds follow ing the sample, experimental animals as 
compared to contro ls  are qu ite  impaired. As shown in Figure 16, even 
a t  the shortest delays, experimental animals are consis ten tly  less  
accurate than con tro ls . For both groups, accuracy f a l l s  of as the  
delay is increased.
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D i scuss i on
On the f i r s t  day of pos ttes ting , experimental animals compared to  
controls were s ig n i f ic a n t ly  impaired on the NMTS task. This f ind ing  
is consistent w ith other studies using a pretra ined  task (Mair, 
Anderson, Langlais S McEntee, 1985)* The s ig n if ic a n t  drop among 
experimental animals in the f i r s t  sessions could be due to the e f fe c t  
of both anterograde and retrograde memory impairment. However, the 
fa c t  that both groups improve on NMTS a t  the same ra te  over the 15 
subsequent t ra in in g  sessions suggests tha t th is  d e f i c i t  may be 
p r im a ri ly  retrograde in nature. That is ,  since the experimental 
animals acquire the task l ik e  the control group, the d if fe re n c e  
between the groups does not appear to  be due to  an anterograde d e f i c i t  
but due p r im a r i ly  to a retrograde memory d e f i c i t .
The delay in terva l measures demonstrated tha t experimental 
animals as compared to controls were both slower on the task ( i . e . ,  
had longer la tencies  between the sample and the match) and were less 
accurate, p a r t ic u la r ly  at the shortest la te n c ie s .  When only the 
shortest delay in te rv a ls  was considered, although experimental animals 
became more accurate across sessions, they were never as accurate as 
controls in the same session. This data c le a r ly  indicates th a t  the 
simple delay latencies cannot account for the d iffe ren c e  between 
experimental and control animals.
The c r i t ic is m  concerning the d iffe ren c e  in tru e  delay latencies  
between experimental and control groups is encountered in tasks where 
the actual delay is under the control of the anim al. This is true in 
most representational memory tasks. While Experiment 3 p a r t ia l l y
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dea lt  w ith  th is  question by looking a t  performance for only the 
shortest la tenc ies , another way to  deal w ith th is  problem would be to  
perform delay tes ting  w ith  longer delays. At delays as long as 6 
seconds, fo r  example, i t  would be expected th a t  control animals would 
u lt im a te ly  learn to perform w e lt ,  but experimental animals would no t.  
I f  control animals improved across t ra in in g  sessions to  pre tra in ing  
levels and experimental animals d id  not, i t  would suggest that the 
memory d e f i c i t  was not simply the product of longer la ten c ies .  
However, there would s t i l t  e x is t  the problem of determining whether 
the poor performance o f the experimental animals on the task was due 




Wernicke-Korsakoff's disease is the most common cause of 
diencephalic amnesia in humans. I t  has long been known that  
Wernicke-Korsakoff's disease is caused by thiamine de f ic ie n cy .  
Therefore, the post-thiamine d e f ic ie n t  r a t  is an animal model fo r  th is  
disease. However, the PTD r a t  does not develop a l l  o f the c lass ic  
brain lesions observed in human Korsakoff's p a t ie n ts .  For example, 
the mammillary bodies are seldom a ffe c te d . PTD animals do, however, 
show consistent lesioning of the medial thalamus, believed by some to 
be the c r i t i c a l  locus of the learning and memory d e f ic i t s  observed in 
human Korsakoff's  p a t ien ts .  The purpose of th is  paper was to  
determine i f  the PTD animal exh ib ited  behavioral d e f ic i t s  s im ila r  to 
those seen human Wernicke-Korsakoff's disease.
With the experiments presented above and the resu lts  of past 
studies, i t  is now possible to c le a r ly  character ize  the behavioral 
d e f ic i t s  observed in PTD animals. F i r s t ,  i t  is important to note that  
PTD animals are not g loba lly  d e b i l i t a te d .  These animals are able to  
perform l ik e  controls on simple l ig h t /d a rk  d iscr im ina tion  and reversal 
learning tasks. S im ila r ly ,  although PTD animals con s is ten tly  require  
more t r i a l s  than controls to learn these tasks, PTD animals can 
perform simple spa tia l  d iscrim ination  and reversal learn ing. In 
ad d it io n , PTD animals show p o s it iv e  tra n s fe r  across s e r ia l  reversals  
and have normal 2k hour savings on spa tia l  and l ig h t /d a rk  
d iscrim ination  and reversal tasks.
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Post-thiamine d e f ic ie n t  ra ts , however, show severe learning  
d e f ic i t s  on other simple d iscr im ination  tasks. On both o lfa c to ry  and 
aud ito ry  d iscr im ination , these animals required s ig n i f ic a n t ly  more 
t r i a l s  than controls to reach c r i te r io n  performance and were able to  
performe s ig n i f ic a n t ly  fewer reversa ls . However, once again, these 
animals were able to successfully  reach c r i te r io n  performance on the 
i n i t i a l  learning of these two tasks.
On more complicated spa tia l  representational memory tasks, such 
as spa tia l  delayed a l te rn a t io n ,  match-to-sample, and 
nonmatch-to-sample, PTD animals show more severe d e f i c i t s .  PTD 
animals f a i l  to  learn these tasks a t  leve ls  comparable to control 
animals. Whereas control animals improve over t ra in in g  session to  
near perfect performance le v e ls ,  PTD animals do not.
The behavioral re s u lts  presented above are consistent with those 
observed in monkeys with medial thalamic lesions not of thiamine 
d e f ic ie n t  o r ig in .  Aggleton and Mishkin (1982) tested a group of 
monkeys whose medial thalamus had been transected w ith  a glass sucker. 
These animals had severe impairments of v isual recognition memory 
using delayed NMTS and s p a t ia l  detayed responding but were unimpaired 
on v isual p a tte rn  d iscrim ination  learn ing . Aggleton e t  a l .  concluded 
th a t  th is  lesion mimicked aspects of human diencephalic amnesia.
Human Wernicke-Korsakoff's disease is characterized by both 
anterograde and retrograde memory d e f i c i t s .  In a d d it io n , these 
d e f ic i t s  are global in nature , thus extending across m u lt ip le  sensory 
m od a lit ies .  The results  of the spatia l matching tasks from 
Experiments 1 and 2 showed a learning d e f i c i t  that could be p r im a r i ly
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characterized as anterograde In nature. This is because a cq u is it io n  
of the task takes place fo llow ing thiamine defic iency and PTD animals 
have d i f f i c u l t y  acquiring the task. Experiment 3 attempted to control  
for the e f fe c ts  of anterograde amnesia by p re tra in in g  the task. 
Following p re tra in in g ,  p a r t ic u la r ly  on Day 1 of re te s t in g ,  
experimental animals evidenced a d e f i c i t  that could be characterized  
as p r im a r i ly  retrograde in nature. Therefore, l ik e  humans, PTD 
animals show both antergrade and retrograde memory d e f ic i t s .
S im i la r ly ,  Experiments 1 and 2 showed that PTD animals have 
learning d e f ic i t s  fo r  tasks involving s p a t ia l ,  o l fa c to ry ,  and aud ito ry  
s t im u l i .  These d e f ic i t s ,  then, l ik e  those observed in human 
Korsakoff's  p a t ien ts ,  are global in nature. The resu lts  fu rther  
support the PTD model of human W ernick-Korsakoff's disease. In 
ad d it io n , th is  data continues to implicate the ro le  of the medial 
thalamus in the learning and memory d e f ic i t s  observed in th is  disease.
Several questions, however, remain about true  nature of the 
behavioral d e f i c i t .  For example, in the experiments presented above, 
i t  is possib le the the d iffe rences  observed between the experimental 
and control animals could be simply due to the ease or d i f f i c u l t y  of  
the task . This hypothesis is based on the fa c t  th a t  experimental 
animals could perform simple sp a tia l  d iscrim inations but were impaired 
on more complex representational memory tasks. Previous studies 
(Hair, Anderson, Langlais, & HcEntee, 1988) have shown that control 
animal have the most d i f f i c u l t y  learning l ig h t /d a rk  d iscrim ination  and 
re v e rs a l.  However, experimental animals perform l ik e  control animals 
on these tasks. In add it ion , Nigrosh, S lo tn ick , and Nevin (1975)* 
using a go/no go task, found tha t the eas iest task fo r  ra ts  to learn
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were those using o lfa c to ry  s t im u li ,  followed by l ig h ts ,  then tones.
In the above experiments, however, PTD animal were leas t  impaired on 
the spa tia l  task, and severely impaired on the auditory and o lfa c to ry  
tasks. These resu lts  suggest that simple task d i f f i c u l t y  cannot 
account fo r  the d e f ic i t s  observed in the PTD r a t .
A second question concerns the d e f in i t io n  of anterograde and 
retrograde amnesia. Experiment 3* fo r  example, used a pretra ined  
delay task. Following thiamine de f ic ie n cy , a t  behavioral re te s t in g ,  
because of the nature of the task ( i . e . ,  nonmatching), a d e f i c i t  
observed in the experimental animals could be due to e i th e r  retrograde  
amnesia (simply having fo rgotten  the task) or anterograde amnesia 
( in s u f f ic ie n t  representational memory processing), or both. I t  is 
d i f f i c u l t  to d is t ingu ish  between these two types of amnesia using th is  
type of behavioral task . However, one way to separate out these 
d iffe rences  would be to use a simple d iscr im ination  task in 
p re tra in in g ,  t re a t  the animals, and re te s t  fo r  a memory d e f i c i t .  A 
d e f i c i t  here would most l ik e ly  be a t t r ib u ta b le  to retrograde amnesia 
because performing the task would requ ire  no anterograde 
representionaI memory.
F in a l ly ,  fu tu re  studies with the PTD model do not have to be 
behavioral in nature. Work is s t i l l  needed to determine the 
neuroanatomical and neurochemical d e f ic i t s  fo llow ing thiamine  
d e f ic ie n cy . That the PTD animal model so c losely  p a r a l le ls  a human 
disease process, esp ec ia lly  one that a f fe c ts  memory, makes i t  an 
e x c it in g  and r ipe  area of research for the fu tu re .
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Figure 5. Olfactory Initial Learning and 1st Reversal.
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Figure 8. Mean Performance on Spatial SR.


















Figure 9. Group Performance of Spatial SR.
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Figure 15. Total and Percent Correct Responses on NMTS. 
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